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Sapr olegnia sis a de v a stating fu ngal dis e a s e of salm o nid and
fr eshw ater fish spe cie s.
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Intr odu ctio n
M e mber8 0f the Oo myc ete s like Sapr olegn 乙a
Specie8 ha v ebeen well r e c ognis ed a 8 de stru ctiv e
pathoge ns of punts and vertebrates. PoteTltiallythe
m o st n OtOrio 11$ Of o o myc ete pathogen s is Phytoph-
tor ainfe sta n s. This o rga nis m ha s r a v aged potato
crops･througllOllt the W e stern he misphe r e, in tu r n
c allSing widespre ad star v atio n and a.EiSbciated m a s s
migratio n in the 180Ds of doBPerate p甲ple fr om
Western EtL rOPe, Pa rtictla rly Ir eland, to the A m
■
eri-
c a n 8t}bc ontin ent. Ofthe million s who w8 r8 fo rc ed
to leav etheir ho m es, m any SⅦb8 eq11e ntly died fr oln
m aln utritio n, the■n gcLtlr 8 0f tran畠pOrtation a nd
c ontagiollS dis ease8 Bll Ch as ty phoid. T he hL man
8 Ⅶffering, deatha nd tlphe avel rem ain s with us all
thr o ugll the curre nt politic8 0f the w o rld
'
8 mO St
po w e rful n ation . Ma ny United State 8 pr e Sid@nts
claim Irish a nc estry and w ell-funded Am e ric a nIrish
c o ntinlle tO S uppo rt and n u rture ter rorist a ctivity
by.fllnd r aising 且nd letha.1 ar n8 a cquisitio n. This
pathoge n, in co m m o nwith m any other o o皿 yCete
pathogens,
Sta ndpoint,
P hytopthora
Ftlrther no r e
that hll miu l
r e m ain s 11ndefe at8d fro m a htl man
a 白in the fa c e of m odern fu ngicides
rem aiTIS a thr eat to fa rm e a rni ngs.
ge no mic analysis h且S dern on8tr ated
activity, in the fo r m of w orld wi de
tr an革pO rtation of agric11tu r alpr odu cts, has brollght
dissimilar ge netic 与tr alnS together, the reby allo wing
sexnal reprodu ctio n a nd the ge ner ation of Jle W
strain s withinher e nt c apa.city to re8ist n attlral
a nd m an m ade forces .
Pathoge nic m e mbe r 8Of the o om yc etes a re not
restricted to plant ho sts but have bee nre c ognis ed
sinc ethe 1890s as age nts of disea se aT nOngSt
q
prl
-
mi tive
”
v ertebr ates
, pa rtic11a rly fresll W ater teleo BtS
of the Salm onida.nd Ca rp fo r m s. T he Oo mycete
fa mi ly m o st com moJly a8S OCiated with fish dise ase
i8 SapT
･
OlegnicE, W hich pote ntially m ay e xploit 8.nd
c oloTliBe matu re fish, jtlV C)nile8 and e mbryonic eg gs,
Intere 8t in
to ned as a
co m m e rcial
that tip tO
eqtlivale nt
U E alo n e.
Saprolegn 乙a infections bffish ha sheigh-
c on8eqlユenC e Of the advent of inte nsive
fish far ming. Re cent estim atesindic ate
18,000ton s of fresh w ate r salm onid8,
to 80 mi11ion fish ar e being re ar ed in
T he close proximity of both individ11 al畠
and fi血 fa r m spotenti al ly sup ports the r apidSpr e ad
of di8e a畠e; fll rther more the BtreB占ft1 n atu re of t he
far m en vir o n m e nt, freque ntly m anife st a 8 altered
c ortic osteroid le v els, r ed11C8 S the capa city of poten -
tial hosts tO re由 t infection by im m un e o rintegral
barrier defe nce m echa nis ms.
In c o m m o nwit hal l fungal vertebr ate pathoge -
ns･ Sapr olegn w specie白fa c et hree m ajor challe ng甲‥
-
i. di8per8 al
ii. ho st exploitation
iii. ho st def8 nC e S
He nce the stlldy of SapT Olegnia pathoge ne sis sho11d
giv e us fll rthe rin sightinto the gT e8te r biolog y of
fungal- v e rtebr ate inte ra ction . The
"
ap pro a clleS
b
er nployed by this fa mi ly de mo n str ate attribllteS
m anife stin other v e rtebr ate pathogen Bi. e. vlgOrO u S
proteina.白e productio n. f[o w e ver , in c o m mon with
other vertebrate pathogenBSapT
10legn 氾 BPe Cie s also
de mo n strate unique cha,r a cte ristic s, in part a re Bult
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of pa rtic ula rho st. a nd e n viron m ental factor s. T his
a rticle therefo re o utlin e白 and revie w白 a n ll mbe r of
facto rs, Which contribtlte tO the pathogenicity of
SaprolegTua Species
la nd their destru ctive n ature.
Dispe r s al
ln c o m m o n withallpathoge nic o rga nis m s a nd
fungi Sapr olegnias have the pr oble m of m oving
fr o m host to host. This i8 achiev ed by the pr olific
production of m otile 2:0 0BPOreS, rele ased into wat8r
by their hu ndreds fr o m 8tru Ct11 re Sterlnedz o ospo ra-
ngla. Su c c e 8 8ful pathogen dispersal requlr e B the
release Of dissemin8.ting propag11e sinto an ap proI
priate e nvir o n m ent. He71Ce V e rtebr ate pathog8n B
li ke SapT･Olegnia 皿 11昌t r8tain an ability to r ecognise
a ho st/environ m ent interfac e, and orientate aco r-
dingly. T hoseSapT
1
0legnia speciesin ve stigatedap pear
very 畠e n6itive to w aterpotential a nd differenc esin
w ater potential. At w ater pote ntia18 a SSO Ci8ted
with fish ti88 tle Of - 0.94 M Pa hy phal fila m ents
gro wquite v lgOr O uSly, thereby al 1o wingthep且thogen
to r a mify thr ollgh ho st tis s u e, a Pre r eqllisite of
畠tlC C e さ8ful exploitatio n. Fe w 8trlCtur e 8 a S B O Ciated
with disse min atio n eitller名0 08POr amgia. or o ogo nia
will tho ughbe obs e r v ed. Ho w 8 Ver, a 皿 in c re a 占ein
w ater potentialto
1 0.5 M Pa n ediate8 the prodllC-
tion of z oo8pOra ngla a nd o ogonia. in ttlr n
the rele a s e Of propagt1e8 like zo o BpO re8
ap propriate enviro n m e nt fo r dispor8 al.
indic ate that other v e rtebr ate pathogenβ
C hndida, H Lstopla s ma a nd MzL C O rBPeCies
enS u n ng
into an
Repo rts
畠u Ch a s
a r eal80
sensitive to their e nvir o nm e nt a 8 r egtlation of
dim orphic gro wth a nd changes fr o m ye ast tO
filam entoIJS gr owth is influenc ed by tem per attlre.
pa rtial pres s u r e of C OB , pH, o ‡ygen and nutrient
a v ailability.
On release ZO O 8pOre 8 s wim a ctively by m e ans
of tw o flagella, ho w ev e r, althoughthey m 8.y Swim
for up to 24 ho11r S, little distan c e is pote ntial
covered by 畠uCh m eans . Sim ple ifrathe r e s ote ric
detBr mination s c a n sho w that z o o spo r e s m ay c ove r
abo ut 60.8O8m m/hr! R白S ulting inthem cove ring
the gra nd dista nc ebf ap pro xim ately 160 crn,
in 24
ho ll rS. On e may the refor e s afely a B 昌um 8 that w ater
c ur rents 8.nd eddies; a re the ･r n ain vehicles of diBBe-
minatio n, eve n though zo 0 日pOre S a r e c o n sidered
a ctiv e e ntitie s,
W hate v e rthe in adeqll a Cie s of z ooBpO reB a 8 a ctiv e
dispersal age nts , du 8 tO C O m m e rCial implic ations
a 8 S OCiated with effective disper sal, attention has
been paid to the infltle n C e Of environ m e ntal v aria ･
b18$ On nu mb8r S r el ased and the activity of those
releas ed. M o白上 ZO OBpO reS a r c r elea sed and activ e
ar ound tem per atll re S Of 20℃, pH 7.0 a nd oxy gen
t8n 8ion8 im exce母s Of 100m mHg. T h8畠e re8t1ts ha v e
im plicatio nsfor the c o m m ercial fish fa rming c o-
m m 1mity as w aters Of lo w ptl pote ntially co m-
pr omise pathogeTl dissemin ation . h c oJltra 8t fish
fa r m ers m u st m aintain w ater oxy genation 8tlev els
ex ceeding110m m Hg to e nBll r8 healthy Sto ck gro wth
and r8 a8 0nable c 8rC &8S W eight. SllCh a reqtllre m e nt
iB Oft㊤n a Chi8 V ed thr o ughptl mPing of c o mpre畠Bed
air a nd 革parging of w at㊤r holding fa cilites, a
pr actice･which potentially suppo rts pathogen
di88eminatiorl
Althot1ghthe ability to Swim actively doe畠 nOt
ap pear to be the m ajor m e a ns OE dispers al, this
ability is potentially still of gre at v all ein events
ass ociated with host r ec ognitio n. Zo o spo re8 0f
SapT
･0legnla appe a rto be che mota ctic. ln the ab$8nC e
of s uitable ta rget mate rial, partimlarly a min o
a cids, zo ospo re 畠 Show rando m diffusio n fro m a
point 8 Otl rC e, m a nifes七 色s a negative expone ntial
depletio n of n llmber s, Ⅲo w ever, in the presenc e of
partictlla r amin o acids at con centration s fo und in
fish ti8StleS, ZO O 8POr88 aCCtl m t11ate aro lnd s o urces
of am ino a cids. This t且Ⅹis is m o st sub tle as zo o-
spore sdo not ap pea rto be o v e rillflue n c ed by the
parent, colonie s n lltrie nt sou rce, the reby allo wl ng
the zoospo r e BtO be dispe r s ed by agents stlCh as
cur r e nts. Yet whe n expo s ed to e xtrinsic ntltrient
BOll r C e S, Such a s m aterial r ele a s ed fr o m moribtl nd
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eggs atld da m aged adtlt.fish, a c ons equenc eOf s nch
pro ces8e S aB grading,
.
eg gstrip plng and ev en s cie n-
tific re s e arch, the n zo ospore8wi11ta rget su ch s o ur-
ces and m o v eto w a rds the m.
Zo o8POreS On Settling lo os e their flagella a nd
attach the m BelveB by r 血 tiv ely long pr oc e 8畠e8, the
eTlds of which a r e a rm ed with cle a rly obs e r v edho o-
ks . T he cysts Subs eqll ently give ris etO fila me ntotlS
m aterial, which r apidly penetr8.te 8 t he epiderm al
layer s Of adult fish. The e幻en siv8 tiss u e dam age
a B SO Ciated with fllnga.I e xploitatio n of ad ult ho st
m 且terial 皿 ay Se verely dis rupt a host
'
s m obility
and bring abo ut death du白 tO Cir c ulatory syste m
dig nlptio n. A良 al 1uded to abov 8, m O ribllnd fish eg gs
are also targeted and colo71iB ed, 日11bs 8q11 e ntly hy-
phal fila me nts gr o w Ov e rlivlng eggs depriving them
of oxy ge n, the c o mpro mised eg g畠 qrethen exploited･
Thi月 proc e s si8 SO r apidthat tr ay8 0flO,000Balm o nid
eg g白 C an l〕e lo st to the fllnguS in thr e eto fo u r
days, a S ever eI)lo w to fish farm ers ifrepe ated o n
a regular ba sis. T he o nly tr e atm ent, be白ide8 re m o-
ving a nd c111inginfectedentities, i畠 the pr ophyla ctic
t18 eOf m ahchite gr 朗 n. Eo w ever, u s e Of m ala chite
gre e n m ay n ot be view 8d fa v o urably by the lik8 且
of.the US Fede r al Drugs Ad miTlstration a B m a ny
coJ18ider m alachite gr ee n.to be a dangerto htl m a n
he alth and to the fr e shw ater eLnVir o n ment at large .
Tler Bis tlOugh no other a v ailable age nt, henc eits
T1 8 eis toler ated, ot herwi8 ethe co m m e r cial fish far-
mizlg industry C o uld-be markedly co mpr omised.
Ho st e xploitatio n a nd r e s ourc e a cquisitio n
Exploit8tio n of fish e由s a nd ti8 8ue8 throllgh
r a mificatio n of hy phae thrQ llgh sn ch m aterial is
ai de gre atly by hydr olytic enzym e a ctivity･. Of the
en zy皿 e SPr OdllC ed l〕y Sapr olegnia spe cies, pr Otein as eB
ha ve r e ceived greate st attentio n. The al k al in eco ndi-
tions gen er ated by growing SaprolegnialeB, a CO n Se-
qlleJIC e Of in c r e a B lng PH dtl e tO amino a cid llptake
and a m m o nia liberation, indicates that at least in
parl, 脚ine pro七einase B, Stable ll nde r al kalin e co ndi-
to ns, ar e r e spo n sible fo r the m arked pr oteolytic
activity of SapT
1
0legn 乙a SPeCies. Protein a8 e activity
is n ot repr e s ed by the pres e nc㊤ 0f glu co sebllt PO -
s8ibly incr e a s ed aB Cultu r ebio mas sis gr eatestin a
m edil 皿 Of protein and glu c o se. Amin o acids r es11-
ting fro m protea 8e a.Ctivity, take n up by a ge n8r al
a min o a cid pe r m 8 a S e(GAP) in c onJ
'
unction with
spe cific per m e a畠eSSlPpO rt de T10 VO Pr otein synthe8i8,
wllile gltLC O 8 ederived from circulato ry fllids c r o sse
the fu ngalpla 8 n a m e mbrane aJld Bllp pO rtS re Splr8-
tio n. An 8nergetic ally fa v oll rable occur ence w ell
m atched to the a vai lability of m aterials fr o m fish
tis sll e, r e s ulting in r apid hoste Xploit8tio n. Ftlrthe r-
m o re hy phaede m on str ate a n egative a utotr opi8 m,
the e xte nt of which i8 go v e rned-by con ce ntration
of Specific amin o aci由 B urr Otlmding hy pha8. Incre a-
Sing c o n c entr ation 阜 Of phenylaユanine a nd tyr o sin e
en c ollr age fila rne nts to grow closelytogethe r, the reby
e n s u ring m o r e effe ctive e xploita.tion ofrich nlユtrient
S O ll r C8 S.
Co ntr8.Sting ln V e 白tigation 6, e mPloylng differe nt
ap pr o a ches, ha ve fo c u ss 8d o n the loc alizatio n and
fate of o om ycete a nd Sapr olegnia extra,c e111 且r
protein as e s･ In ttlrn Sug ge sting that石aidpr oteina8eB
a r e either
m e nt昌 Or
ho w e v e r
,
clo s e rtO
fre ely releas ed into 811r rO 1nding e nviro n-
are im mobilized o n hy phal B urf&ceB,
a co lnbinatio n of 昌u Ch sc enario s m ay be
r e ality. Fr8 ely rele ased protein aB eS effec-
tiv ely dis r upt obstru cting host stru ctur es a nd
potentially c ompromis e h m or al im mtmity, in co-
ntr8.Stim m obilization of pr oteina s es e n mre en広ym e
is co ns e rved, partic11a rly in a fhlid o r m obile
e n vir on m e nt, e n sllrl ng amino acidrele aseclos e to
tlPtake pe r m e 8 S e S, pote ntially r edu cing n utrientloss
to bacte rial c o mpetitio n and the su r r o u nding eTI Vi-
ron m e nt.
Exploitatio n of host tis stle by Sapr olegL乙a
myccliu m potentially res ults in storage of c on side-
rable lipid n lltrie nt re s8 r VeB . An alysis of tnyc eliu m
dem o n str ate s lip tO 12% lipid pe r u nit dry weight,
stored m ainly in the fo r m of t riglyceri de and lo ng
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ch ain un8 atur ated fat,ty acids. Stor age of lipd
c o mpared to c a rbohydr ateis particularlyfa vo urable
for any ftlnguS, aS e atim ate畠indic ate lipid has a
capa city to r e18a S占 at le ast Tline tim esthe energ y
equ l Valent of a c o r r e spo nding w eight of c a rbohy-
drate. Stl Ch an en e rg yrich sto r age r e s e r ve Can e n sur e
gr e ater longevity o r ¢ffectiv e dispo r Bal, ho wev e r,
fo r all aqu atic organism s including fungithe osm o -
tic811y inert na.ttlre Of lip d iB 且n additio n al ifn ot
gre ater adv a ntage. Cells sto ring cor responding en erg y
eqtlivale nts a s c a rbohydrate moi8ties w oll d de m on 81
tr ate pr ohibitive intra c elltla r water potential
deficits, r e 8tlling in m 8 朗ive w ater influB: and
pote ntially da m aglng tllrgOrPr e自白u reS.
Ho std8fenc e8
The first line of d8fen c e mo unted by potential
fish hosts is that of a physic al ba rier, m aintained
by epide r mal c ells in conjtlnCtion with a m 11C O tl白
layer Secreted by goblet cell畠 a ndc o ntin u ot181y 8hed,
thereby depriving zo o spo re8 0f a nchor age ands uita -
ble sites fo r e ncystm ent. T he c o ntin t10 11Spr OdllCtio n
of m u c ollSis ho w e v e r not Btlffic ent to pr ote ct a
potential ho st sho tldepider m al layersbeco m eda-
m aged either n atur ally o r experim e ntally. Mem bers
of the c a rpfamily, CypT
･in u s c arplo, in e xperim ental
trials with o nly a fe w s cales rem oved when expos ed
to zo o spore g of Sapr olegnLa dicliT昭develop infe ctio n
atlo w tem per attlr eS (10℃). Co nv er s ely at en vir o n-
m e ntaltem per atu r e s which fa v o ll r Z O O SpOre pr Odll C-
tion and a ctivity (皇o ℃)little infection is obse r v ed,
indic ativ e that a ho st m ay mo unt a n effective
im m une r espo n s e at highe r te mperatur e s.
T he im m un e system of fiBhis quite w ellllnder-
sto od, a 白 a C O nS eqtle nC e Of the com mer cial vahle
of m any species. In c om moTlwithothe rpoikilother m8
Studi8d it‾is m or e activ e at highe r te mpe r atu r es,
po s sibly a c c o llnti g fo r a pote ntial hosts ability
to fight infe ctio n. T he fish im m 11ne 8yStem like
that of other v e rtebrates C an be subdivided iJltO Cell
m edia.ted and hu moral re spons es . Unfortun8.tely,
altho ugh the form e rhasbee nde m o nstrated to be
partictl18rly impo rt
■
a nt in co mbating fu ngal. infec -
tio n sof higher ve rtebrates, little if 且ny W ork has
been co mpleted s ucc esftl ly
'
o n c ellm ediated res-po n-
らes to fungal infectio n in fish. Ell m O r al im munity
r e spon s e s, a con seque n c eLOf gre ater e as e of expe-
rim e nt･ation, ha ve been m o r e e xten sively 占ttLdied. In
a similar man n e rto higher v e rtebrat8S h m o ral
im mlmity iB m ediated by a cells, prodllCed by fish
in the head kidn ey ,
■
After pro血ctio n these cells
migrate to the splee n for stor age a nd in ttlrn m ay
be 白tim ulated to pr oliferate in the pre senc e of
foreign a ntigenic m ateri al. Unlikehighe rv ertebrate s,
B cells 0f fish o nly pr odu ce o ne a ntibody cla s s
IG M. In re 8PO nB etO SapTOlegnia antigen8, pr ese nted
in a m anner which enc o u r ages their rec ognitio n,
8 ⅩPerim ¢ntal CbpT.hzLS C aTPio willpr odtl Ce IG M
potential ly capable of binding Saprolegnia antigens
at 岩oc. BiTlding c o nplexe畠 Of this n atlユr eactivate
s e ru mpr otein s, which in tur n e n c ou rage the pllagO･
cytosi8 0f labelled or rec ognised cells, lyseforelgn
cell m e mbr anes a nd ag gllltin ate forelgn protein
c() mplexe 8, in clllding e n 2;ym e8 a nd toxins, pn OrtO
their rem oval by phgocyto8i8 . T he preciptation of
8tlCh a re spo n sethrotlghI G Mprodu ctio n m ay Only
occ u r at higher w ater te皿 pe r 且t11reB a S nO IG M-
a ntige nbinding.w a s Obser v ed atlOC, po s 8ibly a c o
-
u ntillg fo r th8 r ed一lCed incide n ce of Sapr olegn l aSi8
observ ed in viv o wh8 n W a r mer e n Viron mentalco ndi-
tion s pre v ail.
Su m m a ry
Sttldies of SapT
･Ole8n 氾infection s of fish reveal
that a com plex B erieg of phen o m e n apotentially
inflllenC edise ase incidenc e. Aspects sllCh a s orienta-
tion
,
en viron m ent
,
rec ognitio n, adher e n c e, hydr olytic
en zym e production , n utritio nalre白er VeS , ho stim m u-
nity and of e v e rin c re a 占1 ng Impacthu m aninfll e n Ce,
ha v e all bee n de m o nstrated to be significa nt fac-
tor8, in tu m c o ntributing to the m ajor ch al lengLe8
of disper sal, e xploitation and host defences, a s
千葉大学 真薗医学研究セ ン タ ー 報告 第4巷 2000 69
f?cad by vertebr ate pathoge ns･ Re cognitio n of the
dive r sity a nd co mplexity ofiTlte raCting elem 8 nt8, a,8
r evealed by such 8tlldies, shouldther efore be fore
-
m ost in the mind of in ve 畠tigator 8, henc edirect the
experim entatio n of tho s einte r e sted in the ftlTlgal
pathogene 8is of vertebr ates.
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